Introduction {#Sec1}
============

Triple-negative breast cancer (TNBC) is characterized by the absence of estrogen receptor (ER) and progesterone receptor (PR), as well as no over-expression of human epidermal growth factor receptor 2 (HER2), and is an aggressive subtype comprising 10--20% of breast cancer incidences^[@CR1]--[@CR3]^. Patients with TNBC have a shorter median survival time after relapse (18 months) and are more likely to develop chemo-resistant disease. In contrast to patients with ER/PR-positive or HER2-overexpressing tumors, TNBC remains a disease with poor prognosis and limited treatment options, and is not amenable to hormone therapy or HER2-targeting therapy, such as trastuzumab, and systemic treatment options are limited to cytotoxic chemotherapy^[@CR4]--[@CR6]^. Therefore, the development effective treatment strategies represent a pressing unmet clinical need.

Fascin-1 (FSCN1) is an actin-bundling protein, and its enhanced expression levels have been reported in several types of carcinomas, including that of the lung^[@CR7]^, colon^[@CR8]^, stomach^[@CR9]^, ovary^[@CR10]^, and breast^[@CR11]^. In breast cancer, FSCN1 expression is associated with hormone receptor-negative, more aggressive clinical course, and also associated with TNBC in African American and Chinese women^[@CR11]--[@CR13]^. However, the mechanism underlying the effect of FSCN1 in the development of breast cancer, especially on TNBC, is yet to be elucidated.

In the present report, we used immunohistochemical (IHC) analysis to detect FSCN1 expression in a series of paraffin-embedded breast lesion tissue, including that from usual ductal hyperplasia (UDH), ductal carcinoma *in situ* (DCIS), and invasive ductal carcinoma (IDC), and analyzed the relationship between FSCN1 and TNBC or epidermal growth factor receptor (EGFR). The relationship between FSCN1 expression and clinical pathological features and prognosis were analyzed in patients with IDC. We further described the potential mechanism by which FSCN1 contributes to TNBC cell migration and invasion. In addition, we demonstrated that EGF induced the expression of FSCN1 through MAPK activation, subsequently promoting cell migration and invasion. Furthermore, we found there to be a significant decrease in FSCN1 expression following the co-treatment of FSCN1 siRNA and Gefitinib, compared with the separate treatment of FSCN1 siRNA or Gefitinib.

Results {#Sec2}
=======

FSCN1 is expressed in breast tissue specimens and is associated with clinical pathological parameters in patients with IDC {#Sec3}
--------------------------------------------------------------------------------------------------------------------------

To define the potential role of FSCN1 in the progression of mammary carcinoma, we performed IHC analysis to assess the expression of FSCN1 on 125 UDH, 104 DCIS, and 467 IDC tissue samples (Fig. [1A--D](#Fig1){ref-type="fig"}). As shown in Table [1](#Tab1){ref-type="table"}, the rates of positive FSCN1 expression in UDH, DCIS and IDC were 6.4% (8/125), 17.3% (18/104), and 33.0% (154/467), respectively (*P* \< 0.0001). Additionally, we also observed that FSCN1 expression is significantly associated with a number of clinical parameters of IDC patients, including tumor size (*P* = 0.024), grade (*P* \< 0.0001), stage (*P* = 0.045), ER- (*P* \< 0.0001), PR- (*P* \< 0.0001) and axillary lymph node metastasis (*P* = 0.024) (Table [2](#Tab2){ref-type="table"}). Interestingly, we also observed that FSCN1 expression was significantly higher in cases of TNBC (88.6%, 62/70) compared with the non-TNBC subtype (19.2%, 71/370) (*P* \< 0.0001) (Table [2](#Tab2){ref-type="table"}), which is indicative that FSCN1 expression is associated with TNBC.Figure 1Immunochemical analysis of FSCN1 and EGFR expression in breast tissue specimens (magnification ×200). (**A**) UDH. FSCN1 expression is negative in proliferative ductal epithelial cells. (**B**) DCIS. FSCN1 expression is negative in intraductal cancer cells. (**C**) non-TNBC. Fascin-1 expression is positive in cancer cells. (**D**) TNBC. FSCN1 expression is strongly positive in cancer cells. (**E**) non-TNBC. EGFR expression is negative in cancer cells. (**F**) TNBC. EGFR expression is positive in cancer cells. Table 1The expression of FSCN1 in patients with UDH, DCIS, and IDC.GroupNo.FSCN1 expressionNegative, n (%)Positive, n (%)UDH125117 (93.6%)8 (6.4%)DCIS10486 (82.7%)18 (17.3%)IDC467313 (67.0%)154 (33.0%)\*Note: \**P* \< 0.0001. Table 2Association of FSCN1 expression with clinical pathological parameters in IDC patients.ParameterNo.FSCN1 Expression, n (%)P-value**Age (years)**≤35219 (42.9%)0.61035--5528893 (32.3%)\>5515852 (32.9)**Tumor size (cm)**≤223566 (28.1%)0.0242--520976 (36.4%)\>52312 (52.2%)**Lymphnode metastases**−23566 (28.1%)0.024+23288 (37.9%)**Tumor grade**I273 (11.1%)0.000II32982 (24.9%)III11169 (62.2%)**Tumor stage**I14035 (25.0%)0.045II20873 (35.1%)III11946 (38.7%)IV00 (0.00)**Estrogen receptor**−177113 (63.8%)0.000+29041 (14.1%)**Progesterone receptor**−223121 (54.3%)0.000+24433 (13.5%)**c-erbB-2 expression**0--1+20376 (37.4%)0.0452+15439 (25.3%)3+11039 (35.5%)**Molecular classification**non-TNBC subtype37071 (19.2%)0.000TNBC subtype7062 (88.6%)

FSCN1 expression is associated with TNBC {#Sec4}
----------------------------------------

To determine the association between FSCN1 expression and ER, PR, HER2, respectively, we performed an integrative analysis of mRNA expression of clinical data published by The Cancer Genome Atlas (TCGA) database. As shown in Fig. [2](#Fig2){ref-type="fig"}, we found significantly negative correlation between FSCN1 and ER, PR, and HER2 (*P* \< 0.0001), further suggesting that FSCN1 expression is associated with TNBC.Figure 2Correlation analysis of the TCGA Breast Invasive carcinoma database (TCGA, Provisional 2012) using cBioPortal showed the correlation between ESR1 (ER)/PGR (PR)/ERBB2 (Her2) and FSCN1 mRNA levels.

FSCN1 promotes migration and invasion of TNBC *in vitro* {#Sec5}
--------------------------------------------------------

In order to further understand the possible role of FSCN1 in TNBC, we next assessed the potential impact of FSCN1 on mammary carcinoma cell migration and invasion in TNBC cells. We performed a preliminary screen for expression levels of FSCN1 in four mammary carcinoma cell lines (contains one of the non-TNBC cell line MCF-7, and three TNBC cell lines MDA-MB-468, MDA-MB-231 and MDA-MB-453) by Real-Time Polymerase Chain Reaction (PCR) (Fig. [3A](#Fig3){ref-type="fig"}). Then, we determined the potential impact of FSCN1 on the phenotype of the TNBC cells MDA-MB-468 and MDA-MB-231 migration and invasion, through manipulation of the expression levels of FSCN1 by transfection of FSCN1 expression plasmids (Fig. [3B](#Fig3){ref-type="fig"}). As shown in Fig. [3](#Fig3){ref-type="fig"}, forced expression of FSCN1 resulted in significantly increased MDA-MB-468 (Fig. [3D](#Fig3){ref-type="fig"}) and MDA-MB-231 (Fig. [3G](#Fig3){ref-type="fig"}) cells migration and invasion compared with control vector. Conversely, depletion of FSCN1 by transfection of FSCN1 siRNA resulted in a significant reduction in cell migration and invasion compared with cells transfected with control oligonucleotides in the MDA-MB-468 and MDA-MB-231 cell lines (Fig. [3C,E,H](#Fig3){ref-type="fig"}). Furthermore, forced expression of FSCN1 resulted in significantly increased non-TNBC MCF-7 cell migration and invasion compared with control vector (Fig. [3B,J](#Fig3){ref-type="fig"}). In comparison, there was no significant reduction of migration and invasion in the MCF-7 cell line which express very low level of FSCN1, compared with cells transfected with control oligonucleotides (Fig. [3C,K](#Fig3){ref-type="fig"}). Taken together, these data indicate that overexpression of FSCN1 dramatically promotes invasiveness of TNBC cells *in vitro*.Figure 3FSCN1 promotes TNBC migration and invasion *in vitro*. (**A**) Expression levels of FSCN1 in four mammary carcinoma cell lines were analyzed using real-time PCR. FSCN1 expression was normalized to GAPDH. The data are presented as mean ± S.E.M. from 3 independent experiments, each performed in triplicate. (**B**) Expression levels of FSCN1 in MDA-MB-231, MDA-MB-468 and MCF-7 cell lines transfected with FSCN1 plasmid or vector as a negative control were analyzed using real-time PCR. (**C**) Expression levels of FSCN1 in MDA-MB-231, MDA-MB-468 cell and MCF-7 lines transfected with FSCN1 small interfering RNA (siRNA) or the control were analyzed using real-time PCR. D-K. FSCN1 modulates substantial migration, invasion, and growth in MDA-MB-468 (**D**,**E**,**F**), MDA-MB-231 (G, H, I) and MCF-7 (J, K) cell lines. Cells were grown and transiently transfected with FSCN1 plasmid or vector as a negative control for 2 days and subjected to Transwell (**D**,**G**,**J**) and MTT (**F**,**I**) assays. Cells were grown and transiently transfected with FSCN1 small interfering RNA (siRNA) or the control for 2 days and subjected to Transwell assays (**E**,**H**,**K**). Values are technical triplicates (were performed independently three times) and represent mean ± S.E.M. \**P* \< 0.01.

It is notable that FSCN1 expression was able to influence proliferation of MDA-MB-231 cells; however, this was not the case for the MDA-MB-468 cell line (Fig. [3F,I](#Fig3){ref-type="fig"}). In consolidation with these results, a previous report^[@CR7]^ also demonstrated that FSCN1 promoted the migration and invasive ability, but not the proliferation of non-small cell lung cancer. This suggested that FSCN1 has various functional roles in a highly context-dependent manner in different cell lines.

EGF regulates the FSCN1 expression and activates MAPkinase signaling in TNBC {#Sec6}
----------------------------------------------------------------------------

We further investigated the signaling pathway modulated by FSCN1 in the progression of TNBC. EGF has previously been demonstrated to regulate MAPK activation^[@CR14]^. We and others have also previously reported that both EGF and MAPK enhanced breast cancer cell migration and invasion^[@CR15],[@CR16]^. Therefore, we further sought to determine whether FSCN1 contributed to EGF-mediated mammary carcinoma cell migration and invasion.

We first demonstrated that mRNA and protein expression levels of FSCN1 in EGF-stimulated TNBC cells were significantly increased. Conversely, the treatment of TNBC cells with EGFR inhibitor Gefitinib^[@CR17]^, resulted in decreased mRNA and protein expression of FSCN1 in the MDA-MB-468 cell line, but not in the MDA-MB-231 cell line (Fig. [4A,B](#Fig4){ref-type="fig"}, Supplementary Figure [1A](#MOESM1){ref-type="media"},[B](#MOESM1){ref-type="media"}), suggesting that there is likely to be Gefitinib resistance in TNBC cells. Transfection of FSCN1 siRNA consistently decreased EGF regulated cell migration and invasion (Fig. [4C,D](#Fig4){ref-type="fig"}), indicating that EGF stimulated TNBC cell function modulated by the combinatory functionality of FSCN1.Figure 4EGF regulates FSCN1 expression and activates MAP kinase signaling in TNBC. (**A**,**B**) Expression levels of FSCN1 mRNA and protein in the MDA-MB-468 (**A**) and MDA-MB-231 (**B**) cell lines treated with EGF/Gefitinib. Upper, Real-time PCR validated the expression levels of FSCN1 mRNA in the MDA-MB-468 and MDA-MB-231 cell lines. FSCN1 expression is normalized to GAPDH. The data are presented as the mean ± S.E.M. from three independent experiments, each performed in triplicate. \**P* \< 0.01. Under, Western blot was used to analyze the expression levels of FSCN1. Total cellular protein was isolated and subjected to western blot analysis for FSCN1 expression. GAPDH was used as loading control. Bottom, The quantitative result of western blot is shown. (**C**,**D**) Transwell assays. Cells were grown and transfected with FSCN1 siRNA or a control siRNA for 2 days. Serum deprived cells were sebsequently treated with 20 ng/mL EGF or with a Vehicle for 4 h. Cells were subsequently subjected to assays. \**P* \< 0.01. (**E**,**F**). Expression levels of FSCN1 mRNA and protein in the MDA-MB-468 (**E**) and MDA-MB-231 (**F**) cell lines treated with EGF/U0126. Upper, Real-time PCR validated the expression levels of FSCN1 mRNA in the MDA-MB-468 and MDA-MB-231 cell lines. FSCN1 expression is normalized to GAPDH. The data are presented as the mean ± S.E.M. from three independent experiments, each performed in triplicate. \**P* \< 0.01. Under, Western blot was used to analyze the expression levels of FSCN1. Total cellular protein was isolated and subjected to western blot analysis for FSCN1 expression. GAPDH was used as loading control. Bottom, The quantitative result of western blot is shown. (**G**,**H**) Transwell assays. Cells were grown and transfected with FSCN1 siRNA or control siRNA for 2 days and treated with 100 ng/mL Gefitinib or vehicle for 45 min. Cells were subsequently subjected to assays. \**P* \< 0.01. I. Correlation analysis of the TCGA Breast Invasive carcinoma database (TCGA, Provisional 2012) using cBioPortal show the association between MAPK1/EGFR and FSCN1 mRNA levels, in addition to ESR1 (ER)/PGR (PR)/ERBB2 (Her2)/MAPK1 and EGFR mRNA levels. *P* \< 0.0001.

To further determine whether MAPK was required for FSCN1 mediated TNBC cell migration and invasion, we assessed FSCN1 expression levels by co-treatment cells with EGF and MAPK specific inhibitor U0126. As shown in Fig. [4E,F](#Fig4){ref-type="fig"}, inhibition of MAPK activity was demonstrated to diminish the mRNA and protein expression levels of FSCN1 while EGF promoted that of FSCN1(Supplementary Figure [1C,D](#MOESM1){ref-type="media"}). Moreover, MAPK specific inhibitor U0126 abrogated the enhancement of FSCN1 expression stimulated by the treatment with EGF. It is therefore apparent that EGF/MAPK signaling was utilized to drive invasion and migration consequent to forced expression of FSCN1.

Importantly, we detected a significant decrease in migration after co-treatment with FSCN1 siRNA and Gefitinib, compared to the single treatment with FSCN1 siRNA and Gefitinib (Fig. [4G,H](#Fig4){ref-type="fig"}), suggesting that combined inhibition of EGFR and FSCN1 may be used as a novel therapeutic strategy for TNBC.

Furthermore, we analyzed the association between EGFR expression and ER, PR, and HER2 using TCGA database. Interestingly, we found a significantly negative correlation between EGFR and ER, PR, and HER2 (*P* \< 0.0001). Consistently, we found there was positive correlation between FSCN1 and EGFR, MAPK1 (*P* \< 0.0001, Fig. [4I](#Fig4){ref-type="fig"}). Thus, we hypothesized that FSCN1 utilizes the EGFR-MAPK signaling pathway to play functionality.

Additionally, we detected the expression of EGFR in IDC using IHC and analyzed its relationship with TNBC. EGFR expression levels were significantly higher in TNBC (78.6%, 55/70) compared with non-TNBC (44.3%, 164/370) (*P* \< 0.0001, Table [3](#Tab3){ref-type="table"}, Fig. [1E,F](#Fig1){ref-type="fig"}), and FSCN1 expression was significantly higher in EGFR positive IDC cases (51.6%, 126/243) compared with EGFR negative cases (12.5%, 28/224) (*P* \< 0.0001, Table [4](#Tab4){ref-type="table"}).Table 3The expression of EGFR in TNBC and non-TNBC patients.GroupNo.EGFR expressionNegative, n (%)Positive, n (%)TNBC7015 (21.4%)55 (78.6%)\*non-TNBC370206 (55.7%)164 (44.3%)Note: \**P* \< 0.0001. Table 4The relationship between EGFR and FSCN1 in patients with IDC.GroupNo.FSCN1 expressionNegative, n (%)Positive, n (%)EGFR (+)243117 (48.1%)126 (51.9%)\*EGFR (−)224196 (87.5%)28 (12.5%)Note: \**P* \< 0.0001.

FSCN1 expression is associated with survival of patients with IDC {#Sec7}
-----------------------------------------------------------------

To assess the potential impact of FSCN1 on patient survival, we analyzed FSCN1 expression in relation to relapse-free survival (RFS) and overall survival (OS) in patients with IDC.

As shown in Fig. [5A,B](#Fig5){ref-type="fig"}, patients whose primary tumors expressing FSCN1 (n = 61) had a mean RFS of 47.5 months (at a 55.7% 5-year RFS rate), whereas patients whose tumors did not express FSCN1 (n = 111) had a mean RFS of 53.2 months (at a 76.6% 5-year RFS rate, *P* = 0.0073, Fig. [5A](#Fig5){ref-type="fig"}). Patients whose primary tumors expressed FSCN1 (n = 61) had a mean OS of 52.6 months (at a 70.5% 5-year OS rate), whereas patients who did not express FSCN1 (n = 111) had a mean OS of 57.1 months (at a 86.5% 5-year OS rate, *P* = 0.0089, Fig. [5B](#Fig5){ref-type="fig"}). Taken together, these results suggested that FSCN1 could be used as a potential clinical biomarker for breast cancer.Figure 5FSCN1 expression was associated with the survival of patients with IDC. (**A**,**B**) The association of FSCN1 expression with relapse-free survival (RFS) (**A**), overall survival (OS) (**B**) of the IDC patients were analyzed. (**C**,**D**) The association of FSCN1 expression with relapse-free survival (RFS) (**C**), overall survival (OS) (**D**) of the TNBC patients were analyzed. (**E**,**F**) Kaplan-Meier curves for relapse-free survival (RFS) (**E**), overall survival (OS) (**F**) of low and high expression of FSCN1 mRNA in TNBC subtype of breast cancer. Data was extracted from TCGA. P values were calculated with Log-rank (Mantel-Cox) test.

We further specifically analyzed the survival in TNBC cases. As shown in Fig. [5C,D](#Fig5){ref-type="fig"}, FSCN1 positive patients were associated with worse RFS and OS in our TNBC cases, which was consistent with our finding in the IDC patients. However, no unequivocal association was observed in our 44 TNBC cases (*P* = 0.1876 and *P* = 0.1156, respectively). Considering that there were only 6 FSCN1 negative cases in our collection, we further analyzed 91 TNBC patients from 1105 samples of TCGA breast cancer database. TNBC patients were divided into two groups based on median FSCN1 mRNA expression of all patients, and subsequently RFS and OS were further analyzed. As shown in Fig. [5E,F](#Fig5){ref-type="fig"}, we analyzed and found that high expression of FSCN1 was significantly associated with worse 5-year RFS, while there was no unequivocal association was observed between FSCN1 and OS. Taken together, these results suggested that high FSCN1 could be potentially used as a predictor of disease recurrence in patients with TNBC.

Discussion {#Sec8}
==========

Reports concerning FSCN1 as a novel therapeutic biomarker for aggressive and metastatic carcinomas are limited^[@CR18]--[@CR21]^. In this study, we observed that the expression levels of FSCN1 were significantly higher in patients with IDC, compared with those in patients with UDH and DCIS. In addition, FSCN1 expression was associated with a number of poor prognostic characteristics in patients with IDC, suggesting that FSCN1 may be linked to the progression of mammary carcinoma. In addition, we also observed that FSCN1 expression was significantly higher in TNBC compared with the non-TNBC subtype, and we verified the potential functional role of FSCN1 expression in the progression of TNBC. Therefore, our findings assist in understanding the functional role of FSCN1 in TNBC progression, and may provide new understanding of the mechanism of neoplastic progression. FSCN1 is expected to possess other functional roles in addition to the findings detailed herein. For example, knockdown or knockout of FSCN1 can lead to a reduction of nodal signal transduction and endoderm formation in zebrafish embryos, in addition, the depletion of FSCN1 disrupts the association between receptors and actin filaments and sequesters the internalized receptors into clathrin-coated vesicles^[@CR22]^.

TNBC is an aggressive subtype associated with poor survival, and unlike patients with the non-TNBC subtype, TNBC is not amenable to hormonal or HER2-targeting therapy^[@CR4]--[@CR6]^. Therefore, the identification of novel treatment strategies for TNBC is important. In this study, we found that FSCN1 expression was significantly higher in TNBC and dramatically promotes invasiveness of TNBC cells *in vitro*. Then, we sought to identify how FSCN1 promotes TNBC invasion. EGFR, is initially expressed on the plasma membrane in an inactive form, and becomes activated through certain kinases and/or after binding to its specific ligands^[@CR23]--[@CR26]^. It is known that EGFR activation occurs via kinases and/or transactivation through binding to specific ligands, including EGF^[@CR27]^. EGFR is abnormally expressed and activated in many cancer cells, and initiates signal transduction cascades that promote cell division, migration and angiogenesis^[@CR28]^. We and others have shown that EGFR is highly expressed in TNBC and is a potential therapeutic target, and is associated with poor prognosis^[@CR29]--[@CR31]^.

At present, EGFR inhibitor Gefitinib and anti-EGFR monoclonal antibody cetuximab, have shown little efficacy in the majority of clinical studies regarding TNBC^[@CR32]--[@CR35]^. Drug resistance to EGFR targeted therapy is caused by a variety of reasons, including MET amplification and overexpression^[@CR36]^ and nuclear EGFR^[@CR37]^. Therefore, for the identification of therapeutic targets that act synergistically with EGFR targeted therapies has potential to improve the survival rate and quality of life of patients with TNBC. Our results showed that the EGFR/MAPK/FSCN1 signaling pathways promotes TNBC invasion and a greater inhibitory effect on TNBC cells was observed after the co-treatment of FSCN1 siRNA with Gefitinib compared with the separate treatment of FSCN1 siRNA or Gefitinib. We also observed decreased FSCN1 expression and migration ability in MDA-MB-468 cells after treatment with Gefitinib, but these effects were not obvious in MDA-MB-231 cells. And we found that FSCN1 expression in MDA-MB-231 cells was significantly higher than that in MDA-MB-468 cells. Thus, we hypothesized that TNBC cells exhibit resistance to EGFR targeted therapy, part of the mechanism may be that EGFR/MAPK cannot completely regulate FSCN1, and there may be other upstream regulatory mechanisms affecting FSCN1. Taken together, our discovery indicates that co-targeting EGFR and FSCN1 dual biomarker could significantly decrease the abilities of migration and invasion in TNBC.

It should be noted that FSCN1 could be expected to possess a wide range of functions in the progression of breast cancer. The functions of FSCN1 are yet to be fully elucidated. Further studies are therefore required to fully understand the functional roles and interactions of FSCN1 with regard to therapeutics for breast cancer, particularly for TNBC.

Methods and Materials {#Sec9}
=====================

Patients and specimens {#Sec10}
----------------------

The female patient population consisted of 467 women with breast cancer, 104 patients with DCIS and 125 patients with UDH. All specimens were obtained from the Tissue Bank of the Affiliated Dongyang Hospital of Wenzhou Medical University (Zhejiang, China) between 2007 and 2014. All patients had been undergoing primary surgical treatment and did not receive any preoperative treatment. Pathohistological diagnosis was made based on the breast tumor classification criteria of the World Health Organization^[@CR38]^. Histology grade was determined in accordance with the Scarff-Bloom-Richardson system^[@CR39]^. We obtained follow-up information from the 172 patients with breast cancer, and the median follow-up time was 62 months (range, 7--70 months). The Institutional Review Board of Affiliated Dongyang Hospital of Wenzhou Medical University approved this study, and informed consent forms were signed by patients or their guardians. All methods were performed in accordance with the relevant guidelines and regulations by University of Science and Technology of China and Affiliated Dongyang Hospital of Wenzhou Medical University.

IHC Analysis {#Sec11}
------------

IHC staining of paraffin-embedded tissue sections was carried out using the Envision System (Dako, Glostrup, Denmark) as described previously^[@CR13]^. The primary antibodies used were as follows: anti-FSCN1 mouse monoclonal antibody (clone 55k-2, diluted at 1:100, Santa Cruz Biotechnology, Santa Cruz, USA); anti-EGFR rabbit polyclonal antibody (clone 1005, diluted at 1:100, Santa Cruz Biotechnology); HercepTest (Dako); ready-to-use anti-ER rabbit monoclonal antibody (clone SP1, Dako); ready-to-use anti-PR mouse monoclonal antibody (clone PR636, Dako).

FISH Analysis {#Sec12}
-------------

Breast cancer cases with HER2 2+ equivocal results determined by IHC analysis required further detection using FISH. In this study, there were 27 cases of breast cancer with ER-, PR-, and HER2 2+ equivocal status did not undergo FISH, and leads to uncertain classification as TNBC or non-TNBC subtype. FISH analysis was performed on paraffin embedded tissue sections using the PathVysion HER2 DNA Probe Kit (Abbott-Vysis, Des Plaines, Illinois) as described previously^[@CR13]^.

Assessment of Staining {#Sec13}
----------------------

The entire tissue section was scanned and scored separately by two pathologists for assessment of staining. Staining intensity and extent were recorded in cancer cells to assess of FSCN1 expression. Staining intensity was scored as 0 (negative), 1 (weak), 2 (medium), or 3 (strong); Staining extent was scored as 0 (0%), 1 (1--25%), 2 (26--50%), 3 (51--75%), or 4 (76--100%); Sum of staining intensity and extent scores ≥3 and percentage of invasive tumor cells with cytoplasmic staining \>5% were considered to be positive for FSCN1. Invasive tumor cells with ≥10% membrane staining were considered to be positive for EGFR. A case was considered to be ER or PR positive if the percentage of positive invasive cancer cells (nuclear staining) was \>5%^[@CR11]^. HER2 status was assessed according to the 2013 American Society of Clinical Oncology/College of American Pathologists (ASCO/CAP) guidelines for HER2 testing in breast cancer^[@CR40]^.

Cell culture {#Sec14}
------------

All human breast cancer cell lines used in this study were obtained from the American Type Culture Collection (Rockville, MD) and cultured in conditions as recommended. All cells were maintained in a humidified incubator at 37 °C and 5% CO~2~.

Reagents {#Sec15}
--------

Media, sera and antibiotics for cell culture were purchased from Life Technologies, Inc. (Grand Island, NY, USA). Protein electrophoresis reagents were from Bio-Rad Laboratories (Richmond, VA, USA). Gefitinib was purchased from Tocris Bioscience (Ellisville, MO, USA). All other chemicals were from Sigma-Aldrich (St Louis, MO, USA).

Transfections (siRNA) {#Sec16}
---------------------

Cells were transfected with FSCN1 siRNA or their respective negative controls (GenePharma, Shanghai) using Lipofectamine2000 (Invitrogen) following the manufacturer's protocol. Cells were harvested in TRIzol (Invitrogen) for RNA extraction and in RIPA lysis buffer for protein extraction.

Transfections (plasmid) {#Sec17}
-----------------------

Cells were transfected with FSCN1 plasmid or vector using effectene (Qiagen) following the manufacturer's protocol. Cells were harvested in TRIzol for RNA extraction and in RIPA lysis buffer for protein extraction.

Transwell migration and invasion assay {#Sec18}
--------------------------------------

Assays were performed in BioCoat Matrigel invasion chambers (Corning Costar, Acton, MA) as described previously^[@CR41]^. Values for cell migration or invasion were expressed as the average number of cells per microscopic field. All experiments were performed at least three times.

Cell proliferation assay {#Sec19}
------------------------

A cell count kit-8 (CCK-8) (Kumamoto Techno Research Park, Japan) was used to examine cell proliferation. CCK-8 includes WST-8 \[2-(2-methoxyl-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfonicacid benzene)-2H-tetrazalium sodium\] that can be reduced to a highly water-soluble formazan dye, which is yellow. In brief, cells were incubated with 100 mL of culture medium in 96-multiwell plates. Media were removed and 100 mL F12 containing CCK-8 (10%) was added to each well. After 2 h incubation at 37 °C, the absorbance of each well was measured at 450 nm using a standard enzyme-linked immunosorbent assay (ELISA)-format spectrophotometer. The experiments were performed in triplicate and repeated thrice.

RNA and Western Blot analysis {#Sec20}
-----------------------------

These procedures were carried out as described previously^[@CR15]^. Membranes were blocked with 5% milk powder in PBS and then incubated with: anti-FSCN1 (clone 55k-2, diluted at 1:1000, Santa Cruz Biotechnology), anti-GAPDH (clone 2A8, diluted at 1:5000, Abmart, Shanghai, China).

Plasmid constructs {#Sec21}
------------------

The FSCN1 sequence was amplified with primers as follows:

Forward-ATGATTCTCGAGCCTCGCTCTGGGAGTACTAGGG,

Reverse-TATATATGCGGCCGCTGGGGCTGCAGACTGAGTTATT, and was cloned into the HindIII and XhoI sites at the multiple cloning regions of the pcDNA3.1 plasmid.

Database analysis {#Sec22}
-----------------

The gene expression profiling of 825 invasive breast carcinomas (with recorded progression stages) was generated by TCGA database. Among those samples, 299 had no information regarding serous grades. Our analysis was based on the Agilent microarray (TCGA, Nature 2012). The Kaplan-Meier survival curve analyses of 1105 samples (TCGA, Provisional) were carried out using log-rank tests in GraphPad Prism (GraphPad Software). TNBC patients were divided into two groups based on median FSCN1 mRNA expression of all patients, and subsequently RFS and OS were further analyzed.

Statistical analysis {#Sec23}
--------------------

All statistical analyses were performed using SPSS 19.0 software (SPSS Inc, Chicago, IL, USA). Numerical data are expressed as mean ± standard error of the mean from a representative experiment performed in triplicate. Differences/correlations between groups were compared using Pearson's chi-square test for qualitative variables and Student's t-test for continuous variables. Patient RFS and OS rates were analyzed using the Kaplan-Meier method and compared by log-rank analysis. *P* \< 0.05 was considered statistically significant.
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